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INTRODUCTION
41
The increasing scarcity of fossil energy resources and the need for reducing greenhouse gas wastewater rarely operate at temperatures above 35-40°C, which is rather low for practical 54 applications. In order to increase the temperature of the available heat and so its usefulness, 55 heat recovery from biological treatment processes can be performed with heat pumps 56 (Hughes, 1984; Svoboda & Evans, 1987) . The recovered heat could be applied to fulfill 57 diverse heating requirements, e.g. heating of buildings and greenhouses.
58
To reliably estimate the heat recovery potential from a WWTP, a heat balance needs to be set 
MATERIALS AND METHODS
79
Heat balance over a wastewater treatment basin
80
The heat balance (Eq. 1) over a completely mixed basin with a constant volume V (m 3 )
81
expresses that heat accumulation, reflected by an increase of the basin temperature T w (K) 
with Q w (m 3 .s -1 ) the wastewater flow rate and T i (K) the influent temperature. It was assumed 88 that the density and specific heat capacity of the influent, basin and effluent were the same 89 and constant through time. Furthermore, flow rate changes due to evaporation were neglected.
90
The net heat exchange (Eq. 3) over the basin was represented by a sum of heat fluxes (see 91 Figure 1A ): 
The heat generated during nitrification (H nit ) and denitrification (H denit ) was calculated taking 110 into account biomass growth, based on the yield coefficients given by (Wiesmann, 1994) The heat exchange via atmospheric radiation (H ar ), evaporation (H ev ) and surface convection
The atmospheric radiation (H ar ; Eq. 6 in factor is a function of the cloud cover and vapor pressure (Raphael, 1962; Talati, 1988 for the solar radiation calculation (ρ'; Eq.14), which represents a fraction from the available 159 solar radiation that would not be absorbed by the basin. equaled the available radiation (ρ'=0; Eq. 14 in Table 3 ) and did not have any evaporation rate 164 reduction due to the foam layer (R ev =0; Eq. 9 in Table 1 ). The effect of the foam layer on the (Table S3) .
The dynamic basin temperature profile T w (t) was obtained from Eq. It is important to note that this apparent thermal conductivity was found for a relatively stable Figure 4A . The 
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13
This reiterates the importance of accounting for a foam layer, since it affects the temperature 272 gradient between the environment and the basin surface which drives these heat losses ( Figure   273 3A).
274
The largest heat gains and losses were obtained in June. 
Heat recovery potential and influence on heat fluxes (RS hr )
282
The dynamic temperature profile in case all heat above the critical temperature T crit =293.15K
283
was withdrawn, is shown in Figure 3B . Heat was recovered from March to November (days 
Effect of model refinements on the dynamic temperature prediction
307
The effect of the proposed model refinements (Table 1 and Table S3 
respectively). (III) Combined effect of (I) and (II).
313
The equation proposed to calculate atmospheric radiation (Eq. 6 in Table 1 ) results in a lower temperature prediction when the proposed model is used) (Figure 6 ).
320
Applying the equations based on dimensionless number analysis proposed in this study to 321 describe surface evaporation and convection (Eqs. 9 and 11 in Table 1 Table 1 ). The heat flux predicted by Eqs. 10 and 12 increased the total heat loss from the higher evaporation rates, are expected.
361
If a fraction of the solar radiation is not absorbed by the basin, the heat recovery potential of 362 the system decreases (less heat enters the system). In the most extreme scenario, in which no 363 solar radiation is absorbed, the theoretical heat recovery potential decreased by 47%. As 
369
For water bodies, reflectivity is high when solar radiation is low (during the early morning 370 and late afternoon) when the sun is closer to the horizon and low (3-10%; Oke (1992)) when 371 solar radiation is high (sun further from the horizon). Therefore, for cases dealing with 372 surfaces that behave like water (in terms of its reflectivity), the effect of the albedo in 373 temperature and heat recovery prediction is expected to be small. 
CONCLUSIONS
375
A heat balance was set up considering the effect of a foam layer on a wastewater treatment 376 basin on its temperature profile and on the resulting heat recovery potential.
377
• The basin temperature is clearly dependent on the insulating capacity of the foam (ratio 378 between its thickness and its apparent conductivity). Thicker foams will result in smaller 379 surface heat losses and therefore higher basin temperatures and heat recovery potentials.
380
When present, foam layers should clearly be accounted for in temperature prediction 381 models.
382
• Experimental results indicated that the temperature gradient is uniform throughout the 
391
• The effect of model refinements to calculate atmospheric radiation, surface evaporation 392 and convection on the dynamic temperature prediction was assessed. The largest effect, 1.1
393
K as yearly average, resulted from the calculation of surface evaporation and convection 394 using dimensionless number analysis.
395
• There are clear seasonal effects on the heat fluxes and the resulting heat recovery potential.
396
Heat loss through surface evaporation showed the largest changes throughout the year,
397
being at its highest in June and at its minimum in January-December. The overall heat 398 recovery potential was clearly higher in summer than in winter.
399
• Sensitivity analyses revealed a significant effect of foam thickness, surface evaporation Talati and Stenstrom (1990) and the ones applied in this study (in bold font). The assessment of the effect of these refinements on temperature prediction was evaluated with three different cases: I) atmospheric radiation; II) surface evaporation and convection; III) case I and II combined (Table S3) 
